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Abstract. Vertical column measurements of the gaseous
compositionof the tropical stratosphere were made from the
NASA DC-8 aircraft early in 1992. As anticipate, the
burdens of the stratospheric source gases (¢.g. O,, f 11, f 1CI,
CINOQO,, 1 INO,) were reduced from their mid- latitude values
due to increased uplift and photolysis. The tracers reveal ed
considerably more uplift near the equator than the sub-tropics.
For example, the 1 1 burdens at 4 200 latitude  ((),50)X2()”
molce.cm?) were 1KMI7]1% double those at 5°N (0.27 x10"
molec. cm?). This, together with results obtained from other
long-lived gases (c.g. N,O, Cll,, CI5,CL) indicates that volume
mixing ratios found at 22 km altitude at mid-latitudes
occurred at 26 km in the sub-tropics and at 30 km in the
cquatorial zone. This zone of uplift was symmetrical about the
cquator even though the sun was overhead at 200°.,

Observations

The JPI. MKk1 V interferometer, a Fourier Transform Infra -
Red (IFTTR) spectrometer purpase-built for atmospheric remote
measurements (Foon, 1991), was onc of twelve instruments
installed on the NASA DC-8aircraflt to participate inthe
sccond Airborne Arctic Stratosphere 1 ixperiment (AAST: 11).
During this three month campaign, 19 flights were conducted,
the majority over the Arctic region (Toonet a., ] 992¢). Four
flights were made to lower latitudes in order to assess the
impact of the Pinatubo eruption on the composition of the.
tropical stratosphere. The locations of those observations are -
illustrated in Fig ure 1. [ F‘f} lJ
Itshould be stated at the outset that tropical measurements i
using the solar absorption technique arc more difficult to
make than those at higher latitudes. The optimal solar zenith
angle for this type of stratospheric observation is 85° to 88°.
Unfortunately, observed from a sub-sonic aircraft, the tropical
sun takes only a few minutes to pass through this optimal
range of zenith angles. By contrast, at high latitudes the sun
may be heldin the optimal range for hours by careful choice
of flight path. Theshort tropical sunset/rise transitions




reduced the detectability of some gases, giving rise to larger
errors than in comparable measurements at high latitudes.
‘The quality of the tropical data was further degraded by the
presence oOf cirrus cloud above the aircraft. At higher latitudes
the DC-8 aireraft, which cruises atabout 11 km altitude, can
nearly always fly above the tropopause and its associated
cirrus, butin the tropics it is always well below. The presence
of cirrus was detrimental not just because it attenuated the
direet solar radiation reaching the instrument, but mainly
because structure in the cirrus caused intensity fluctuations.
Since these fluctuations were generally faster than the time
(50 9) required to record a single interferogram, they distorted
the depthsand shapes of spectral linesinthe derived
spectrum, causing greater uncertainty in the burdens.

Data Reduction

Fach individual spectrum covered the entire 650- 5400 ¢!
spectralreg ion simultancously at 0.02 cm-] resolution (30 ¢m
optical path difference). Spccetra were averaged in groups of
4to 8 before analysis. liach averaged spectrum therefore
represents 3-6 minutes of observation. Averaging reduces the
labor of analysis and provides asmaller uncertainty in the
retrieved burdens.

Thedata were analyzed by (he same method as was
described by ‘foon et al.(1992a): A least squares spectral
fitting algorithm adjusted the assumed volume mixing ratio
(vinr) profile of the gas of interest until the line-by-line
calculation best matched the observed spectrum. The precision
of theretrieved burdens was then estimated from the quality
of the spectral fit. IFor many of these gases multiple  spectral
intervals were used to determine the amount of gas (e. g. for
HCI five separate lines were used), in which case the value in
Table 1isthe weighted mean.

Discussion

Since the vinr profile of CO, is almost constant and
accurately known throughout the troposphere and stratosphere,
its burden canbe accurately predicted. ‘1’ bus, our measured
CO, burdens can be used to test for the presence of systematic
effects, such as crrorsin the observation geometry, orthe
assumed temperature profiles. 1 ‘igure 2a shows the mean
(pressure-weighted) CO, vir above the aircraft, obtained by
dividing [he burdens in *1'able 1 by the observation pressure.
‘The average value was about 355 ppmv, avalue consistent



with in situ measurements e.g. Schmidt and Khedim (1991).
Despite the variability at26°.27°N (Jan.9) which exceeds the
measurement precision, the rms scatter of the CO, isstillonly
about 2%. 1 ‘or the other gases (but not CO,) the MAJOr source
of systematicerror was the shape of their vinr profile, which
cangive rise (0 an error as large as 8% at the highest solar
zenith angles.

Figure 2b shows the 11,0 v above the aircraft. The
observationsnorth of 75°N were madc above tile. tropopausc
and show the typical lower stratospheric vinr o f  about 4
ppmv. The observations south of 25°N were made from below
the tropopause and so reflect tile much larger tropospheric
I LOamounts. Theabrupt (imp inthe amount of 11,0 at 200°
marks our cmergence from alarge region of numecrous
cumulonimbus cloudsinto clear sky.

larger than previous tropical measurcments butthis is likely
duc to tile 10% annual 1 1 increase (WMO,19806). Perhaps
themost interesting feature exhibited by 114 is the smallsize
of the equatorial burdens compared with (hose in tile sub-
tropics. The main reason for this is thatupwelling causes
advection of | IF-poor tropospheric air into the low er
stratosphere. The same upwelling has the opposite effect on
tropospheric source gases. The observed enhancements o f
equatorial 1 ICN, N,O, ClHl,, CI,Cl, and CtCl, burdens arc
quantitatively consistent with each other and with the loss of
f 114, although this is not immediately apparent from ‘1'able 1
dueto the fact that differences in tile aircraft altitude mask the
latitudinal variations of the tropospheric source gases. ‘1'0
minimize such artifacts, the burdens of these gases welc
retricved not by scaling the assumed vmr profile, but by
squashing it in the vertical (scc Toonet d., ] 992b) according
(otileequation

vir(z) = vinr(z(14 DOS))

Values for tile Degree of Subsidence (IDOS) were derived for
cach spectrum by averaging the results obtained from HI,
N,O, CHl, and CE,Cl,. Of course, the DOS values reported in
Table ] are somewhat arbitrary depending on the initial
reference profiles, which were mid-latitude virs stretched in
the vertical so as to give DOS values of around zero in the
tropics. DOS increased with latitude, t0 0.15in the sub-
tropics, and 0.36 at mid-latitudes, indicating that vimrs found
at 30 kmaltitude near the equator wouldbe found at 26 km



inthe subtropics andat 22 km at mid-latitudes. Figure 3
Hlustrates the consistency inthe vertical shifts derived from
those different tracers, and also illustrates that their gradient
is greater in the subtropics than at mid- latitudes. A large
gmdicm is indicative of a stratospheric barrier 10 latitudinal
transport, such as occurs at the edge of the polar vortices.
This barrier scems underestimated in current circulation
models. For example, Kaye etal.(1991) predicted that the HI¢
burdens in the 30-37° latitude range should be double those
at the equator. Our results (Iigure 4a) show that doubling
occurred by ?2.2°.

Chemical Partitioning. Figure 4b shows the measured 1C)

burdens. While the latitudinal variation is qualitatively similar
to previous measurements (Mankin and Coffey, 1983; Girard
ctal., 1983; and Karcher et al., 1%S8), our HClamounts are
higher, a probable conscquence of the 5% annual HCI
increase. Our measured 11O/1l1'ratio increased from around
3.3 at mid-latitude to 4.7 in the tropics. This is consistent with
the idea (Kayce et al., 1991) of a greater fraction of tropical
inorganic fluorine being inthe form of COL, and COIC]
rather thanHI, and so should not be interpreted as evidence
of volcanic injection of 1CI from the Pinatubo eruption.

As expected, the equatorial CINO, burdens (0.554.20 x10'
molee.cm?), calculated as the weighted average of the valucs
inTable 1, were smaller than those observed inthe sub-
topics (0.704.20) or mid-latitudes (1 .20:+ 0.20). 1IOClwasnot
detectable inany of the tropical spectra, butvalues were
includedin Table 1 to provide upper limits.

Our observed IINO, burdens (Figurc 4¢) arc broadly
consistent with the previous low latitude measurements of
Karcher et al.(1988), Coffey et al.(1981) and Girard ct
al. (1983), but not the very low (0.940.2x10" molec.cm™?)
burden measured by Karcher et al.(1988) at 10°S in Junc
1984. Our HINO, burdens at 120° latitude were almost
identical at 6.1x10" molec.cm® despite the sun being
overhead at 20°S and were more than double those found near
the equator. Since the contrast between the equatorialand the
subtropical 1INO; burdens is greater than that of 111, onc
mightargue that photolysis of equatorial 1INO, augments the
loss duc to uplift. However, since the sun was overhead at
20° S, uplift mustnevertheless play the dominant role in
defining the latitudinal distribution of HNO,.

Our tropical NO,burdens (Figure 4d) were somewhat lower
than pre-Pinatubo measurements, presumably a conseguence
of heterogencous conversion of N,O,to HNQO, on Pinatubo



acrosol, but not the factor 2 seen atmid-latitude sunrises
(10011 ¢t al, 1992¢; Johnston ctal., 1992). This is to be
expected sinee the faster rate of HNO, photolysisin the
tropics would reduce the impact of heterogencou s production.
Our sunsct NO, burdens (1.78 x10" molcc.cm?) observed at
4°-8°Nare lower than any previous tropical sunset results. For
example, 2.9X10°molec. em® “was measured in June | 978 by
Coffey ct al (1 981), and 1 .95X 10 °molcc.cm™ was measured
inJunc1984 by Karcher et al. (1988). The diurnal cycle of
N() and NO2 makes it difficult to ascertain their truc
latitudinal] variation. 1 lowever, atsunset there was certainly
20% Icss NO and NO, in the equatorial zone (2.7 & 1.8 x 10"
11101 Cx. CIH*  respectively) thanat 200" (3.3 & 2.2 x10"
molec.cmrespectively), a result consistent with previous
measurcments (WMOQO, 1986).

Ozonc burdens were fairly constant across the entire tropics
and subtropics at about 6.2x10" (230 Dobson Units). The
fact that ozone was not reduced by uplift in the equatorial
zone like 1 11 or 1 INO,indicates that the timescale of its
formation was faster than that of the upward motion, so that
ozonc wasable to rc-establish its chemical equilibrium. While
in situ measurements of tropical ozone (Grantet a., ] 992)
revealed decreases as large as 20% in the 20-30 km altitude
range following the Pinatubo eruption,increases above and
below these altitudes amcliorated the total perturbation to the
ozone burden to less than 596. Given the sparsity of our
measurements, it is not surprising that wec cannot confirm a
5% tropical total ozonc loss.

Summary

The 1992, equatorial lower stratosphere was uplifted some
4km with respect to the sub-tropics, Since previous tropical
measurements (by other instruments) show large scatter wc
cannot say whether this amount of uplift is normal or was
augmented from heating by Pinatubo acrosol. This uplift
appeared to be symmetrical about the equator, despite the sun
being overhead at 20°S, indicating that it is not directly driven
by solar heating. Apart from dlightly reduced NO and NO,
burdens, the partitioning of the chemically active specics
appeared normal, with no evidence of heterogencous chemical
reactions involving chlorine.
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I 1g.1.1ocations of the observations discussed in this paper:
Jan.8 sunset (cress), Jan.1 1 sunrise (diamond), Jail.28 sunrisc
(circle), Jan.30 sunset (square), andlcb.20 sunset (triangle).

14p.2. Mcan virs of CO, and 11,0 abovethe aircraft.

Fig.3. Vertical shifts of the reference vinr profiles required to
match observed spectral absorption features: HI (Y symbol),
N,O (Z symbol), ClI 1, (bow-tic), and CI,Cl, (hour-glass).

Iig.4.1 atitudinal variations of the burdens (molcc.cm™) of
HES T1CL HNO,, and NO,.

Table 1. Summary of observations discussed in the paper.
DOY is[he. fractional day of the year (e.g.9.050 is 01:12 U'T
On January 9™, 1 at. is the latitude, and1.on. is the longitude.

0 is the solar zenith angle (degrees). P> and ‘1’ arc the pressure
(mbar) and temperature (K) outside the aircraft at the time of
each observation. 1)OS is the degree of subsidence (see text).

The second row contains the exponents of the multipliers to
be applied to the values below them., The remainder of the
table contains the measured burdens of cach gas (molcc.cm™).
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